Characterization of the individual transport routes that mediate the influx and efflux of methotrexate in CCRF-CEM human lymphoblastic cells.
The transport routes utilized by CCRF-CEM human lymphoblastic cells for the influx and efflux of methotrexate have been analyzed. Evidence was obtained for a single influx route for methotrexate: (a) Influx at 2 microM [3H]methotrexate was inhibited completely by high concentrations of unlabeled methotrexate, o-phthalate, and bromosulfophthalein, and the inhibition profile with each anion was monophasic; and (b) Pretreatment of the cells with an N-hydroxysuccinimide ester of methotrexate also blocked influx, and this inhibition was complete over a range of substrate concentrations from 2 to 50 microM. Influx was also saturable and proceeded with a maximum rate (Vmax) of 4.3 pmol/min/mg protein (at 37 degrees C) and with a Kt of 0.8 microM in an anion-deficient buffer and 4.6 microM in a 4-(2-hydroxyethyl)-1-piperazineethanesulfonate-buffered saline. The ratio of Vmax to the amount of carrier protein (0.3 pmol/mg protein) gave a turnover number for the transport system of 14.3/min. In contrast to influx, methotrexate efflux proceeded via three routes which could be separated by their sensitivity to specific inhibitors. The major portion of efflux occurred via the methotrexate influx carrier, the identity of which was established from its sensitivity to the N-hydroxysuccinimide ester of methotrexate and by its requirement for anions in the external medium. Methotrexate, adenosine monophosphate, and phosphate each stimulated efflux via this route and this stimulation was half-maximal at anion concentrations that approximated their Ki values for inhibition of methotrexate influx. A second efflux route was identified by its sensitivity to bromosulfophthalein. This route was relatively inactive and did not fluctuate significantly upon addition of various anions, glucose, or metabolic inhibitors. The third route was quantitated by its sensitivity to probenecid and its activity was increased in saline buffers and upon addition of glucose and was inhibited by oligomycin. Similar transport routes for methotrexate are present in L1210 mouse cells, although these two cell lines can be distinguished by the amount of transport protein and by the activity of the bromosulfophthalein-sensitive efflux route for methotrexate.